We present the results of a long-term variability survey of the old open cluster NGC 6791. The BV I observations, collected over a time span of 6 years, were analyzed using the ISIS image subtraction package. The main target of our observations were two cataclysmic variables B7 and B8. We have identified possible cycle lenghts of about 25 and 18 days for B7 and B8, respectively. We tentatively classify B7 as a VY Scl type nova-like variable or a Z Cam type dwarf nova. B8 is most likely an SS Cygni type dwarf nova. We have also extracted the light curves of 42 other previously reported variable stars and discovered seven new ones. The new variables show longperiod or non-periodic variability. The long baseline of our observations has also allowed us to derive more precise periods for the variables, especially for the short period eclipsing binaries.
Introduction
The open cluster NGC 6791 is unique in many ways. At an age of about 8 Gyr it is believed to be the oldest open cluster in the Galaxy (Chaboyer et al. 1999 , Kaluzny & Rucinski 1995 . It is also probably the most metal-rich, with [Fe/H] estimates ranging from 0.1 to 0.5 dex (Friel et al. 2002 , Chaboyer et al. 1999 , Peterson & Green 1998 , Kaluzny & Rucinski 1995 . NGC 6791 possesses two of the three cataclysmic variables (CVs) found in open clusters (Kaluzny et al. 1997) , with the third residing in M67 (Gilliland et al. 1991) 2 .
Variability in NGC 6791 was first studied by Kaluzny & Rucinski (1993) , who discovered 17 variable stars, among them one CV candidate. Rucinski, Kaluzny & Hilditch (1996) reported ad-1 Hubble Fellow 2 Another unconfirmed as of yet candidate was reported by Mochejska & Kaluzny (1999) in NGC 7789. ditional 5 variables, including another potential CV. The CV candidates were confirmed spectroscopically by Kaluzny et al. (1997) . Mochejska et al. (2002; hereafter M02) discovered additional 47 variables, bringing the total to 69.
In this paper we present a long-term variability study of the open cluster NGC 6791. Over a time span of nearly 6 years we have collected 465 observations in V , 229 in I and 72 in B. Our main motivation was to study the long-term behavior of the two cataclysmic variables. This dataset also offered us the unique possibility of investigating long period and non-periodic variables in the cluster.
The paper is organized as follows: Section 2 describes the observations, §3 summarizes the data reduction and variable selection procedures and §4 contains the variable star catalog. Concluding remarks are found in §5.
Observations
The data analyzed in this paper were obtained between September 1996 and May 2002 at three telescopes, using four CCD cameras. The observations were collected during: Typical exposure times for the 1 m/2 m telescopes, respectively, were 450/600 s in B, 450/300 s in V and 300/300 s in I. Some short exposures were also collected to investigate the variability of bright stars, which are normally saturated on the longer exposures. Typical 1 m/2 m telescope short exposure times were 45/30 s in V and 30/30 s in I. Short B exposures were only taken at KPNO Over 6 years of monitoring of this cluster we have collected 391 long and 74 short exposures in V , 140/89 in I and 65/7 in B. The number of BV I images in each dataset is listed in Table 1 .
Data Reduction

Photometry
The preliminary processing of the CCD frames was performed with the standard routines in the IRAF ccdproc package.
4 The KPNO data were corrected for CCD non-linearity at this stage, as described by Mochejska et al. (2001) .
Photometry was extracted using the ISIS image subtraction package (Alard & Lupton 1998 , Alard 2000 . A brief outline of the applied reduction procedure is presented here. For a more detailed description the reader is referred to M02.
The ISIS reduction procedure consists of the following steps: (1) transformation of all frames to a common (x, y) coordinate grid; (2) construction of a reference image from several best exposures; (3) subtraction of each frame from the reference image; (4) selection of stars to be photometered and (5) extraction of profile photometry from the subtracted images.
In further discussion we will refer to images called "template" and "reference". By "template" we mean a single best quality exposure in a filter and dataset combination. A reference frame is a high S/N image constructed from the template and several other high quality exposures processed to match the template point-spread function (PSF) and background level. A template is chosen and a reference image constructed for each of the 19 filter and dataset combinations.
All computations were performed with the frames internally subdivided into four sections (sub x=sub y=2). Differential brightness variations of the background were fit with a first degree polynomial (deg bg=1). A convolution kernel varying quadratically with position was used (deg spatial=2). The psf width (psf width) was set to 33 pixels for all chips, except for the KPNO data, where it was set to 15 pixels. We used a photometric radius (radphot) of 5 pixels for 4Shooter and AndyCam, 4 pixels for MDM and 3 pixels for KPNO data.
Calibration
The transformations of instrumental magnitudes to the standard system were derived from observations of 67 stars in 21 Landolt (1992) standard fields, collected with the 4Shooter on 4 November 1999. The following transformations were adopted: The zero points of the light curves of variable stars from the other datasets were adjusted to the 4Shooter data by adding an offset. It was computed as the mean offset for stars within a radius of 300 pixels around the variable, with the rejection of > 3 sigma outliers. The color term was not taken into account.
Additional offsets, if necessary, were applied between overlapping datasets for all variables, ie. MDM-FLWO and 4Shooter-KPNO, and between all datasets in case of periodic variables. The offsets are probably due in large part to the difference in color terms between the chips. Such offsets were added in 14% of the cases and typically were ≤ 0.06 mag. For some variables the offsets were large (up to 0.5 mag) because of blending with nearby stars in the datasets with inferior seeing.
Astrometry
The transformation from rectangular to equatorial coordinates was derived using 997 transformation stars from the USNO A-2 catalog (Monet 
Variability Search
We used the standard ISIS procedure to search for variable stars. For every pixel it computes a median of absolute deviations on all subtracted images and performs a simple rejection of cosmic rays and defects. The result is stored as an image, where the variables are then identified as bright peaks. We used this method to search for new variables in all filter and dataset combinations.
We also extracted the light curves for all stars detected by DAOphot (Stetson 1987) on the template frames and searched them for variability using the index J (Stetson 1996) , as described in more detail by M02.
To search for periodicity we used the analysis of variance statistic (Schwarzenberg-Czerny 1996) .
Variable Star Catalog
We have confirmed the variability of 37 out of 44 previously known variables within our field of view. Of the 7 variables not recovered, three are detached eclipsing binaries with no eclipses observed by us. Many of the variables (V29-V67) were discovered in higher S/N 900 s R-band observations (M02), hence it was anticipated that some fainter and/or lower amplitude objects might not be recovered. We have also discovered seven new variables.
The properties of the 51 variable stars are discussed in subsections 4.1 -4.5. Tables 2-4 list the following parameters for the variables: the identification number, right ascension, declination, period and its error estimate (for eclipsing and periodic variables), V , I and B-band magnitude (maximum for non-periodic and eclipsing variables, flux weighted mean for periodic), variability amplitudes in each band (semiamplitudes for periodic variables) and preliminary cluster membership probabilities, kindly provided to us by Dr. Kyle Cudworth. Table 2 contains an additional column with comments on the variability type.
The variables are plotted on the CMD in Figure 3 . Non-periodic variables are indicated by triangles, eclipsing binaries by squares and other periodic variables by circles. Filled symbols indicate membership probability above 75%, open symbols -below 75%, and skeletal -no membership probability estimate. The light curves, mostly in V , for a selection of variables are shown in Figures 7-3 .4. The BV I light curves and finder charts for all variables and machinereadable versions of tables 2-4 are available for download via ftp from cfa-ftp.harvard.edu in the /pub/bmochejs/NGC6791 directory.
The distribution of the cluster membership probabilities for the variables is shown in Figure 4 . Proper motion data, available for 32 out of 51 variables, are in most cases conclusive in resolving the question of their cluster membership. Of those variables, 21 are likely cluster members and 8 are not, with probabilities in excess of 75% and below 25%, respectively. There are only three variables for which the membership is very uncertain (25% < P < 75%). 
Cataclysmic variables
Our main interest was to study the long-term behavior of the two cataclysmic variables B7 (a.k.a. V15) and B8. These are unique objects, as only three such stars have been found and confirmed in all open clusters. B7 is a cluster member, as shown by proper motion data, while for B8 no estimate is available. Both were spectroscopically confirmed to be CVs by Kaluzny et al. (1997) .
During our monitoring the brighter cataclysmic variable B7 underwent a large drop in brightness, by 3 mag in V and 2 mag in I, and three outbursts of about 0.5-1 mag. Smaller amplitude variations, as well as long-term trends are also present in the light curve.
The large decline in the MDM data and intermediate brightness at other times would suggest that B7 may be an VY Scl type nova-like (NL) variable, which vary little about their mean magnitude, but occasionally fall in brightness by > 1 mag (Warner 1995) . Another possibility is that it is a Z Cam type dwarf nova (DN), which exhibit periods of standstill at irregular intervals. One notable difference between these two types of CVs is that Z Cam DNe are brighter by 0.5-1 mag in outburst than in the standstill phase, while the apparent outbursts in VY Scl type NL variables reach at most the high state brightness. We have observed the variable at minimum light only once, when it fell from the mean brightness by 3 magnitudes, so we are unable to classify B7 based on this criterion. The 4Shooter and KPNO data phase rather well with a period of ∼ 25.4 days, which is compatible with the typical cycle length of 10-30 days for a Z Cam type DN (Sterken & Jaschek 1996) .
The other cataclysmic variable, B8, displayed several large outbursts about 3 magnitudes in amplitude, as well as a few smaller ones. The MDM and AndyCam data display incoherent variability, possibly due to flickering.
The variability of B8 is reminiscent of an SS Cygni type dwarf nova (Sterken & Jaschek 1996) . The 4Shooter and KPNO light curve phases reasonably with a period of ∼ 17.73 days, which if real, is shorter than the typical range of 30-100 days for these variables. 
Newly Discovered Variables
We have identified a total of seven new variables in the field of NGC 6791.
V68, located 4 magnitudes above and 0.3 mag to the blue of the turnoff, is a periodic variable, with a period of ∼ 15 days. It may be an RV Tau variable with twice the period.
V69 and V70 are very red, bright variables. V69 seems to be periodic, with a period of about 43 or 86 days. The period determinations are very uncertain and different for the V and B bands due to the star's long period and sparse sampling -the star was unsaturated only on some of the short exposures. V70 is an irregular variable with an amplitude of ∼ 0.4 mag in V . The preliminary proper motion data are inconclusive as to the cluster membership of these variables, yielding probabilities of 47% for V69 and 62% for V70.
V71 is also irregular, with a V -band amplitude of ∼ 0.3 mag. On the CMD it is located near the base of RGB. Proper motion data gives a membership probability of 55% for this variable.
V72 and V73 are located about 2 mag above the cluster turnoff. They exhibit irregular variability with V -band amplitudes of about 0.04 and 0.08 mag, respectively. When the observations between HJD 2452099 and 2452204 are excluded, the Vband light curve for V73 can be phased with a period of ∼ 34 days (Figure 7 ). Its membership probability is low (20%).
V74 exhibits irregular brightness variations with an amplitude of 0.04 mag in V . On the CMD it is located just blueward of the red clump. It is very likely a cluster member.
Previously known long period and nonperiodic variables
During previous investigations the cluster was found to possess six other long period and nonperiodic variables: V13, V19, V62 and V65-V67. V13 and V19 show irregular variability with sudden rises in brightness by 0.1-0.2 mag in V . V13 is a cluster member. We confirm the variability of V62, but due to its faintness and poor quality light curve, we are unable to fathom its nature. V65 seems to be periodic, with a period of ∼ 11.3 days, when the MDM dataset and May 2002 4Shooter run are excluded (Figure 7) . It does not belong to the cluster. Of the two variables on the RGB, V66 and V67 (confirmed member), the first is more or less periodic, with a period of ∼ 49 or ∼ 99 days (Figure 7 ), while the second seems to be irregular.
Of the five variables classified in previous investigations as detached eclipsing binaries with unknown periods, V10, V18, V20, V21 and V60, we have detected eclipses only in V18 and V20, but were unable to determine convincing periods. V10 
Previously known eclipsing binaries
Thanks to the long time span of our observations, we have derived more precise periods for the eclipsing binaries B4, V1, V3-V7, V9, V11, V12, V16 and V38. We have confirmed the variability of V2 and V14 with the previously reported periods, but were unable to improve their determinations. Variables V3-V5, V9, V16, V38, V12 are likely cluster members, while B4, V6 and V14 are non-members. Figure 8 shows a plot of apparent distance modulus (m − M ) V as a function of period for W UMa type contact binaries V1-V7. The absolute V magnitude was derived from the calibration of Rucinski (2000), based on B-V and V-I colors (left and right panel, respectively). A reddening of E(B-V)=0.1 (Chaboyer et al. 1999 ) was adopted. Filled circles indicate membership probability above 75%, open symbols -below 75%, and skeletal -no membership probability estimate. Of the three variables, which are high probability cluster members based on proper motions, V3 and V4 are within 0.7 mag of the cluster distance modulus (m − M ) V = 13.42 (dotted line; Chaboyer et (2000), based on B-V and V-I colors (left and right panel, respectively). Filled circles indicate membership probability above 75%, open symbols -below 75%, and skeletal -no membership probability estimate.
al. 1999) and V5 is about a magnitude brighter than predicted from the calibration. V6, which is a non-member, based on its proper motion, is located ∼ 2.5 magnitudes in front of the cluster. Of the three variables with no membership probability estimate, V2 and V7 are probably located at the distance of the cluster, while V1 seems closer by ∼ 2 magnitudes.
V29, which was classified in M02 as an eclipsing binary with a period of ∼ 0.4 days, shows a longterm rise in brightness with an amplitude of ∼ 0.5 mag during our observations (the large amplitude in Table 3 is mainly due to scatter in the AndyCam data). The eclipses were not recovered.
For V31 and V32 we did not detect any coherent variability at the periods determined in M02. These periods are also not confirmed by the additional extensive R-band photometry for this cluster, collected by the authors (Mochejska et al. 2003, in preparation) , where the variables only show weak long-term trends. V31 is a probable cluster member and V32 is most likely not. V33, previously classified as an EB with a period of ∼ 2.37 days, exhibits long term brightness variations. In the 4Shooter data we have observed a recovery by 0.15 mag to its maximum observed brightness. It also displays quasi-periodic variations with roughly the period reported in M02. This variable is most likely not a member of the cluster.
The light curve for V37 is very noisy and we were not able to recover the previously determined period. In the M02 data the variable underwent a 0.1 mag rise in brightness. It appears to have experienced a rapid increase in brightness by 0.6 mag at the beginning of the AndyCam run.
Previously Known Other Periodic Variables
We have confirmed the previously determined periods of V41, V48, V54, V56 and V58. We have confirmed the variability of V17, V45, V46 and V52 with previously derived periods, but were unable to improve their determinations. V45 seems to exhibit long term brightness variations, besides short term variability. We were unable to confirm the periods of V42, V51 and V53, determined by M02. V42 seems to have steadily decreased its brightness by ∼ 0.6 in V . Variables V17, V41, V42, V48, V53, V56, V58 are high probability cluster members, and V45 is most likely a nonmember.
Based on its period and location on the colormagnitude diagrams, V17 might be a member of the newly proposed class of variable stars termed "red stragglers" (Albrow et al. 2001) or "subsubgiant stars" (Mathieu et al. 2003) . To date, six such stars have been found in 47 Tuc (Albrow et al. 2001) and two in M67 (Mathieu et al. 2003) . Thus far, the origin and evolutionary status of these stars remains unknown.
Conclusions
In this paper we have presented BV I photometry for 51 variable stars in the field of the open cluster NGC 6791. Over 6 years of monitoring of this cluster we have collected 391 long and 74 short exposures in V , 140/89 in I and 65/7 in B. The light curves of the variables were extracted using the ISIS image subtraction package (Alard & Lupton 1998) .
The main target of our observations were the two cataclysmic variables B7 and B8. Their light curves show outbursts characteristic of CVs. We have identified possible cycle lenghts of 25 and 18 days for B7 and B8, respectively. We tentatively classify B7 as a VY Scl type nova-like variable or a Z Cam type dwarf nova. More observations of the variable at minimum brightness would help elucidate its nature. B8 is most likely an SS Cygni type dwarf nova.
We have also discovered seven new variables: two periodic and five long-period or non-periodic ones. In addition, we have extracted the light curves of 42 other previously reported variable stars. For 31 of them we confirm the variability period, if applicable, and type, given by M02 and for 17 we have derived new, more precise periods. Note.- * Periods taken from M02.
